The aim of the present study was to evaluate the clinical efficacy of peritoneal dialysis (PD) in patients with severe lupus nephritis (LN) complicated with organ dysfunction. In total, 13 severe LN patients complicated with multiple-organ dysfunction, who underwent PD treatment between November 2003 and September 2010, were enrolled in the study. Six patients received methylprednisolone pulse therapy due to lupus activity and progressive renal failure. These patients were complicated with severe edema, cardiac insufficiency and severe hypoalbuminemia. PD was applied to the patients, followed by the administration of immunosuppressants. Patients were followed-up to review the parameters of renal function, the immunological indexes and the systemic lupus erythematosus disease activity index. The results indicated that the general state of health was markedly improved following PD treatment, with edema abatement and improvement of heart function and physical strength. Serum creatinine levels significantly decreased from 6.3±1.6 to 2.6±1.0 mg/dl.
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune inflammatory disease which involves multiple organs. The disease is progressively aggravated without intervention. Therapy with immunosuppressants controls the progression of the disease in the early stages (1) (2) (3) . However, successful treatment of severe lupus nephritis (LN), particularly when complicated with acute kidney injury (AKI), cardiovascular or neuropsychiatric involvement, remains a problem. Peritoneal dialysis (PD) has the advantages of hemodynamic stability, residual renal function (RRF) preservation, home dialysis and lower costs. Both of PD and hemodialysis dialysis are used to treat kidney failure. PD uses the lining of the abdominal cavity (peritoneal membrane) and a solution (dialyusate) to remove waste and extra fluid from the body. Hemodialysis uses a man-made membrane (dialyzer) to filter waste and remove extra fluid from the blood. Previously, studies have investigated the effects of PD in the treatment of AKI (4-7). However, few observations with regard to PD as a treatment method for severe LN patients with multiple-organ dysfunction have been reported. Therefore, the aim of the present study was to investigate the effect of PD as therapy for patients with severe LN.
Patients and methods
Patients. In total, 13 patients, including 10 females and 3 males with a mean age of 36.3±13.3 years (age range, 18-54 years) that had been admitted to the Department of Nephrology at Jinling Hospital (Nanjing, China) between November 2003 and September 2010, were included in the study. All the patients were diagnosed with severe LN with rapid progressive glomerulonephritis (RPGN). Among the patients, four individuals had heart diseases, including enlargement of the cardiothoracic ratio, slight or moderate pericardial effusion and pulmonary artery hypertension, and one patient had lupus encephalopathy. The present study was approved by the ethics committee of Nanjing University (Nanjing, China). All of the patients approved the present study and gave their informed consents.
Renal biopsy. A renal biopsy was performed in all the patients. According to the 2003 International Society of Nephrology/Renal Pathology Society classification criteria (2, 6) , seven patients were class IV, five patients were class IV + V and one patient was class III. Two patients had thrombotic microangiopathy. The crescent formations from 10 to 83% of glomeruli were observed in 9 patients.
Surgery and dialysis prescription. Open surgery was performed for PD catheter insertion. Patients were initially advised to have three to four daytime exchanges of one liter dextrose solution (1.5%). After one week, the patients were discharged and the PD prescription was changed to two liters dextrose solution [1.5 or 2.5% according to the urine (UV) and ultrafiltration volume] with three or four daytime exchanges.
Data collection. All the patients underwent a peritoneal equilibration test at the outpatient department in the first month following discharge. Dialysate, urinary protein, urinary sediment, blood biochemistry, blood routine, autoantibody titer and complement levels were examined every two months. PD efficiency (Kt/V, Ccl) was also evaluated. The levels of albumin, hemoglobin, serum creatinine were detected using a Blood biochemistry detection kit (Tiangen, Beijing, China). Other observational indexes included RRF, nutrition, systemic lupus erythematosus disease activity index (SLE-DAI) and immunosuppressant and infectious complications.
Statistical analysis. Measurement data are expressed as the mean ± standard deviation. The Student's t-test was used to analyze the differences between the parameters prior to and following treatment. P<0.05 was considered to indicate a statistically significant difference. Analyses were performed using SPSS software (SPSS, Inc., Chicago, IL, USA).
Results
Clinical and pathological features at the baseline. Clinical and pathological observations at the baseline are shown in Table I . All the patients had severe renal dysfunction and the levels of serum creatinine (Scr) ranged between 4.24 and 9.48 mg/dl. Oliguria and anuria were present in five and two patients, respectively. Anemia was identified in 10 patients, with hemoglobin (Hb) levels ranging between 4.9 and 10.4 g/dl. All the patients exhibited hypoalbuminemia with an average albumin (Alb) level of 29.7±5.7 g/l, and eight patients had severe hypoalbuminemia with a level of <30 g/l. In total, four cases were complicated with cardiac insufficiency, including chest distress, enlargement of the heart shadow and congestion of the lungs, as observed by X-ray.
Oral prednisone at a dose of 20-30 mg/day was administered to all the patients. Six patients received intravenous methylprednisolone pulse therapy (0.5 g/day for three days per patient) prior to PD.
Treatment and follow-up. The dialysis dose was six liters per day in 10 cases and 4 liters per day in the other three cases. Two cases were administered continuous ambulatory peritoneal dialysis (CAPD), while 11 cases received daytime ambulatory peritoneal dialysis (Table II) . During the follow-up examinations, Kt/V calculations were performed in all the patients and the results were all >1.7.
Short-term effects. Following PD, there were no patients with edema and the blood pressure was stable. No case developed heart failure and the indicators of renal function and serum Alb levels were all improved (Table II) .
In total, 10 patients received oral mycophenolate (MMF) one month following PD. The dosage of MMF was initiated at 0.75-1.5 g twice daily and the concentration was measured after one or two months with three plasma samples, according to the strategy developed by Shaw et al (8) ; the dosage was titrated to maintain an area under the time concentration curve between 0 and 12 h of MMF at 20-45 mg/h/l. The additional three patients were treated with prednisone alone and the daily dosage of prednisone started at ~0.6 mg/kg/day.
Long-term ef fects. The mean follow-up time was 8.1±6.3 months (range, 4-26 months). At the last follow-up examination, the UV had significantly increased between 454.1±428.6 and 1333.6±475.8 ml (P<0.0001; Table III ; Fig. 1 ) and the Scr levels had significantly decreased between 6.3±1.6 and 2.6±1.0 mg/dl (P<0.0001; Table III ; Fig. 2 ). The residual glomerular filtration rate also significantly Table II . Clinical and dialysis indexes of the 13 patients prior to discharge. (Table III ; Fig. 3 ). Proteinuria and hematuria were markedly decreased in six cases. Serum antinuclear antibody levels were negative in five patients and had decreased markedly in the additional eight patients. Anti-double-stranded DNA (anti-ds-DNA) antibody tests were positive in five patients at the baseline, but became negative at last follow-up examination in four patients. The anti-ds-DNA antibody titer decreased in the remaining patient. The SLE-DAI decreased significantly between 15±4 and 6±2 (P<0.001). In total, 10 patients discontinued PD treatment due to the recovery of renal function, while three patients continued with a decreased dosage of PD for the improvement of renal function.
Complications. During the follow-up period, only one case developed peritonitis following diarrhea, and recovered via the administration of antibiotics. Two cases who received MMF treatment developed pneumonia, while one case developed peritoneal leakage.
Discussion
In total, 13 severe LN patients with AKI that had undergone PD therapy were reported in the study. PD was demonstrated to be a simple, safe, gentle and efficient renal replacement therapy method, with the ability to correct AKI-induced metabolic, electrolytic and acid-base disorder and volume overload. Compared with hemodialysis (HD), PD has been associated with faster recovery of renal function in AKI and better maintenance of residual function in patients with CKD (9,10). This may be due to the improved cardiovascular tolerance associated with this renal replacement therapy method. This method presents episodes of hypotension (and consequently renal ischemia), and to be a lower level of activation of the inflammatory pathway, since the blood is not in contact with artificial membranes (11) (12) (13) . PD is particularly suitable for patients with refractory heart failure or hemodynamically instable conditions where systemic anticoagulation should be avoided. Data on PD treatment in severe LN cases are limited. Immunosuppressive therapy is the basic process to control lupus activity, however, this is limited in patients with complications such as RPGN or AKI. All the patients in the present study developed renal dysfunction to varying degrees, with Scr levels ranging between 4.24 and 9.48 mg/dl. Conditions worsened due to oliguria and congestive heart failure, particularly following methylprednisolone pulse therapy. In this situation, PD therapy was selected for support. The results demonstrated that PD had marked effects for these patients. The majority of patients had time for the recovery of renal function and, more importantly, these patients reached a stable homeostasis following the administration of PD for one month, thus, it was possible to reapply immunosuppressants. PD is suitable therapy for patients with a high catabolism, oliguria, anuria, severe innutrition, water-sodium retention, prerenal failure and cardiovascular problems. All of the patients were followed up until the present study was completed.
It has been reported that patients behave differently within a short time period due to rapidly progressive LN. In 10-20% of these patients, renal function may recover or partly recover within a four-month period (14) , allowing the cessation of HD. It has been reported that 10-28% of LN patients require renal replacement therapy to achieve partial remission from renal failure (15) . In the present study, the 13 patients were found to have azotemia caused by active LN, prerenal factors or steroids. There were a number of indicators, including enlargement of kidney size. Patients with active pathological changes, including crescents or loop necrosis, should be treated actively. Compared with HD, PD has little influence on the hemodynamics and preserves the RRF well (16, 17) . PD has been shown to be more conducive to renal function recovery. In the 10 patients receiving immunosuppressive therapy assisted with PD, the RRF improved, the UV increased and Scr levels decreased gradually. In total, 76.9% (10/13) of the patients discontinued the PD treatment and had the PD catheters removed. For these patients, PD maintained the capability balance and removed nitrogen production. Thus, PD offered great support and safeguard for further treatment with immunosuppressants. In addition, nutrition improved since there was no limit in protein or other nutrient intake during PD. Therefore, we hypothesize that PD should be applied early for these LN patients. In order to preserve the RRF, body weight, UV and ultrafiltration should be monitored during PD. These parameters are not only used to decide the hypertonic dialysate in patients with heavy edema, but may also be used to estimate the RRF.
Immunosuppressants may be applied timely and reasonably during the PD process in order to further treat the primary disease. Previous studies have largely focused on the impact of immunological insults on SLE patients following dialysis (18) . Nevertheless, the nonimmunological effects are also important. Therefore, renal survival may be more representative of predialysis lupus severity compared with the SLE-DAI or serological lupus activity. The use of immunosuppressive therapy in LN patients with severe renal insufficiency remains controversial. Due to long-term exposure to steroids or cytotoxic drugs, LN patients have been shown to have accelerated atherosclerosis and increased risks of infectious complications (19) .
PD patients with LN have significantly lower predialysis levels of serum Alb and Hb compared with non-LN patients. In addition, LN patients are more likely to suffer from various infections due to hypoimmunity (19) . Previous studies have revealed that when compared with non-LN patients undergoing CAPD, LN patients had a lower Alb level, more complications associated with infection and a poorer life quality (20) (21) (22) (23) . In the study by Andrews et al (24) , risk factors for infectious complications included a significantly lower level of Alb at the start of PD as well as the patients being on immunosuppressives. In previous studies, a significantly higher incidence of peritonitis and other infections was observed in LN patients undergoing PD. The incidence of exit site infections was higher in the study by Liang et al (23) . In addition, the overall mortality rate was higher in the SLE group (32%) as compared with the control group (9%). The effect of immunosuppression on the high incidence rate of peritonitis and other infections in PD patients is further documented by a study from Guy's Hospital (19) . As well as short-term effects, peritonitis may have additional serious side effects. Peritonitis can induce exacerbations of the disease and may contribute to the development of encapsulating peritoneal sclerosis, particularly in lupus patients (25) . Therefore, these results indicate that PD may not be the first choice for renal replacement therapy in lupus patients undergoing immunosuppressive therapy. However, we hypothesize that the purpose of PD adjuvant therapy in LN patients is not to treat the protopathy, but to protect the RRF and improve the azotemia and nutrition of the patients in order to earn time and improve the condition for further immunosuppressant treatment. Thus, all the patients in the present study continued to receive immunosuppressive therapy during PD and a number of them required immunosuppressants such as MMF. LN in these patients was shown to be controlled following treatment. Autoantibody levels in a number of patients turned negative, complement levels were elevated to a normal level, urinalysis was improved, RRF was recovered and dialysis treatment was ceased.
The incidence of infectious complications was high. In order to prevent these complications, prednisone treatment was decreased to 10 mg/day prior to surgery. Interventions to reduce catheter-associated infections included sterile placement techniques, appropriate local dressing and catheter care.
Full-time doctors and nurses performed these procedures. Follow-up via telephone was regularly conducted by nurses. In the group of 13 patients, only one individual developed peritonitis and two patients developed pneumonia. In addition, the incision was difficult to heal and leakage of the dialysate occurred easily. Thus, two pockets were ligated during surgery and a small dosage of dialysate was applied following surgery; the initial dose was 1,000 ml per time and this was performed three to four times daily, gradually increasing the dose. All the patients healed without infection, with the exception of one case that had dialysate leakage. Following pausing PD and undergoing hemofiltration, the leakage was stopped and PD was continued.
The cost of PD is lower than hemofiltration. In the present study, the expenses of PD were $120 per week at a dose of 6,000 ml per day, while the expenses of hemofiltration were at least $714 per week. PD patients were able to manage by themselves conveniently without any interruption of daily life. The time of renal function recovery was difficult to estimate. A total of 10 patients in the group recovered in 1-4 months following PD. One case achieved gradual remission with PD over 15 months. Long-term hemofiltration is likely to result in a heavy economic burden.
PD not only improves the fluid and electrolyte imbalance, but also significantly reduces the effect of systemic cytokines. PD can clear cytokines, including interleukin (IL)-6, IL-10 and tumor necrosis factor-α (26) . Future research should focus on the associations among inflammatory factors, severity and duration in the acute phase of SLE.
In conclusion, PD is not only a replacement method, but also a therapy. PD is an adjuvant method that may be used for treating LN patients complicated with severe organ dysfunction. PD can preserve the RRF, improve the nutritional status of the patients and provide conditions and guarantees for further immunosuppressive therapy of SLE. In contrast to others studies, the results of the present study, with low infection and mortality rates coupled with a high rate of recovery of renal function, indicate that PD can be considered as a treatment option for patients with severe LN and AKI who require ongoing immunosuppressive therapy.
